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CYANIDE GAS FOR THE DESTRUCTION OF INSECTS. 

WITH SPECIAL REFERENCE TO MOSQUITOES, FLEAS, BODT LICE, AND BEDBUGS. 

By R. II. Creel, Assistant Surgeon General, and F. M. Faget, Assistant Surgeon, United 
States Public Health Service. 

Effectiveness is the most important element to be considered in 
the selection of a fumigant. 

This factor being assured, the relative cheapness of the materials 
used, the duration of exposure necessary for destruction, the toxicity 
of the fumigant to human life, and the effect of the gas upon fabrics, 
furnishings, or merchandise, are all factors that should be given 
weighty consideration. 

The United States Quarantine Regulations include sulphur dioxide, 
pyrethrum, and cyanide gas as agents for the destruction of mos- 
quitoes and other vermin, the sulphur dioxide to be used in the pro- 
portion of 2 pounds of sulphur to each thousand cubic feet of 
space, the exposure to be for two hours ; the cyanide gas to be used in 
the proportion of 10 ounces of potassium cyanide to each thousand 
cubic feet of space, the time of exposure not specified ; and pyrethrum 
in the proportion of 4 pounds to each thousand cubic feet of space 
for two hours' exposure. 

In 1910 Mitzmain 1 performed a series of experiments to demon- 
strate the effect of cyanide gas, sulphur dioxide, and several other 
agents on fleas, both in the adult and larval stage. His results from 
cyanide gas were somewhat inconstant, and the writers are inclined 
to agree with him that he may have been working with a deteriorated 
chemical. 

In 1910 Stevenson, 2 of Bombay, also reported experimental results 
on <; the killing of rats and rat fleas by hydrocyanic acid gas." This 
series of experiments was carried out under artificial conditions that 
simulated the natural. 

In 1911 McClintock and Hamilton 3 reported a very thorough and 
comprehensive study of the effect of various insecticides (including 
cyanide gas and sulphur dioxide) upon mosquitoes, bedbugs, flies, 
and cockroaches. Their experimental environment was purely arti- 
fical, and no attempt was made to simulate the natural conditions 
under which the destruction of such insects would ordinarily be 
practiced. 

Stevenson found that fleas were killed by cyanide gas in the 
strength of 3 ounces potassium cyanide (KCN) per 1,000 cubic feet 

1 Maurice B. Mitzmain : Notes on agents used for flea destruction — Public Health Re- 
ports, July 29, 1910. 

2 Capt. W. D. II. Stevenson, I. M. S. Preliminary report on the killing of rat fleas by 
hydrocyanic acid gas. Scientific memoirs by officers of the medical and sanitary depart- 
ments of Government of India, No. 38 N. S., 1910. 

3 Chas. McClintock, II. C. Hamilton, and F. B. Lowe : A further contribution to our 
knowledge of insecticides — fumigants. Journal of the American Public Health Association, 
April, 1911. 
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of space, exposure for 40 minutes when ordinary protection was 
afforded. 

McClintock and Hamilton found that mosquitoes without pro- 
tection in a bell jar were destroyed by cyanide gas in the strength of 
2 grams potassium (KCN) per 800,000 cubic centimeters (approxi- 
mately 2^ ounces per 1,000 cubic feet) , and bedbugs under the same 
condition by the gas in the strength of 6.3 grams per 800,000 cubic 
centimeters (approximately 8 ounces per 1,000 cubic feet). 

The fumes of pyrethrum merely stupify mosquitoes, and it has 
been more or less discarded as a fumigant. 

The writers have conducted a series of practical experiments dur- 
ing the past year in order to determine the comparative insecticidal 
values of cyanide gas and sulphur dioxide. 

Potassium cyanide c. p. (or the equivalent of sodium cyanide), 
sulphuric acid 66B, and water were combined in the proportion by 
weight of 1 part cyanide, 2 parts acid, and 2| parts water. 

The technique in the preparation of cyanide gas was the same as 
that described in reprint 313, from the Public Health Reports, De- 
cember 3, 1915. 

For the various purposes of the experiments the tests were per- 
formed in a room of 1,269 cubic feet capacity, with all openings 
sealed while the fumigation was in progress. Bedbugs, body lice, 
roaches, and several species of mosquitoes and fleas were used in the 
experiments. 

The insect containers were placed on the floor of the room, except 
in series " L." and " M.," when a comparison was made of the strength 
of gas in the upper and lower air levels. 

A small glass of 6-ounce capacity, a larger jar of 1-gallon capacity, 
and an iron can of 16|-gallon capacity were the containers used. 

The insects within the containers were afforded varying degrees of 
protection by layers of muslin firmly bound over the top of recep- 
tacle, ranging from one to six layers. 

The cloth which is referred to in the text as " muslin " or " cheese- 
cloth" is a product commercially designated as bunting of class 
"A" grade. It is probably somewhat heavier and more closely woven 
than the best grade of gauze used in surgical practice. 

In some of the experiments the smaller container holding the 
insects was placed within the large can (covered) thus affording a 
double protection that would seldom be found in actuality. 

In some of the containers the insects were also given the addi- 
tional protection of loosely packed cheesecloth. 

During the series the outdoor temperature varied from 33° to 70° 
F. but with no noticeable difference in results. 

It may be, as suggested by Roberts, that very low temperatures 
affect the potency of the fumigation. We are not able to pass any 
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opinion on this possibility, as at no time was the weather below 
freezing. 

The first inspection of results was made immediately after opening 
the fumigating room, the final observation being made 24 hours 
thereafter, except in such cases as are otherwise notated in the 
tabulations. 

The results are presented in tabular form according to the agent 
used, the insect exposed and the environmental condition. 

For statistical convenience the results are tabulated as separate 
experiments, but, in general, in the same series several containers 
having different degrees of protection were exposed at one time. 

General Consideration. 

It is comparatively easy to determine a standard amount of any 
f umigant necessary to kill unprotected insects. The difficulty lies in 
estimating the degree of protection ordinarily secured by these in- 
sects under natural conditions. 

The standards arrived at by us are therefore provisional, apply- 
ing to generally existing conditions and not to extraordinary or 
unusual situations. While we believe that cyanide gas in the pro- 
portion of 2| ounces of potassium cyanide per 1,000 cubic feet of 
space, exposure for one hour, will destroy fleas in the majority of 
instances, we realize that such a strength of the gas would hardly 
kill these insects were they lodged in tightly packed baggage. 

It is assumed, however, that the supervisor of the fumigation 
would remove unusual harboring facilities, more especially in treat- 
ing infected places; that clothes closets wovdd be opened, baggage 
unpacked, bedclothes and mattresses rearranged, and wearing 
apparel spread out; all to the end of promoting penetration of the 
fumigating gas. 

With the above reservation, therefore, we believe that our stand- 
ards for strength of gas lethal to insects are dependable and give a 
fair margin of safety in considering the ordinary protection ob- 
tained by the various insects in their natural habitat. 

From our series of tests and from observation of results in routine 
fumigation we advocate the following proportion, respectively, of 
cyanide or sulphur for insect destruction : 

For mosquitoes. — Potassium cyanide, 0.4 ounce per 1,000 cubic feet 
of space, exposure for 15 minutes. 

Sulphur, 2 pounds per 1,000 cubic feet of space, exposure for 1 hour. 

For bedbugs. — Potassium cyanide, 5 ounces per 1,000 cubic feet of 
space, exposure for 1 hour. 

For body lice. — Potassium cyanide, 10 ounces per 1,000 cubic feet 
of space, exposure for 2 hours. 

Sulphur, 4 pounds per 1,000 cubic feet of space, exposure for 6 
hours. 
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For roaches. — Potassium cyanide, 10 ounces per 1,000 cubic feet 
of space, exposure for 1 hour. 

Sulphur, 4 pounds per 1,000 cubic feet of space, exposure for 6 hours. 

For fleas. — Potassium cyanide, 2£ ounces per 1,000 cubic feet of 
space, exposure for 15 minutes. 

As it is of questionable propriety to contemplate flea destruction 
without the coordinate killing of rats (when employed as a sanitary 
measure), we made no comparative studies of sulphur as an insecti- 
cide for fleas, but refer to the article on cyanide gas in Public Health 
Reports of December 3, 1915, wherein we recommended a standard of 
5 ounces of cyanide or 4 pounds of sulphur per 1,000 cubic feet for 
the destruction of rats and fleas. 

The unit price of cyanide fumigation in the proportion of 5 ounces 
cyanide per 1,000 cubic feet of space is 9 cents at the present price of 
chemicals (25 cents per pound for potassium cyanide and 3^ cents per 
pound for sulphuric acid). 

The price of sulphur fumigation per 1,000 cubic feet is 10 cents 
in the strength of 4 pounds of sulphur per 1,000 cubic feet. 

The comparative cost of sulphur and cyanide fumigation per 1,000 
cubic feet based on the provisional standard advocated above 
would be : 



Fumigation for — 



Destruction of mosquitoes. - . 

Destruction of body lice 

Destruction of bedbugs 

Destruction of roaches 

Destruction of rats and fleas.. 




From this it can be seen that cyanide gas is much cheaper than 
sulphur dioxide for mosquito destruction, costing only one-seventh 
as much as the latter gas, aside from requiring a much less duration 
of exposure. 

In the proportion of 0.4 ounce cyanide per 1,000 cubic feet of: 
space the dilution of the gas after diffusion is approximately 1 
part cyanogen to 6,000 parts of air, so dilute, in fact, as to practically 
eliminate all possible clanger to human life. On repeated occasions 
we entered the fumigating room immediately upon opening the door 
after mosquito fumigation without noticing any ill effect. 

For destroying bedbugs, roaches, and body lice sulphur is a cheaper 
fumigant than cyanide, but .the latter possesses obvious advantages 
in lessened duration of exposure and noninjurious effect on fabrics, 
furnishings, merchandise, etc. 

However, the comparative benefits between sulphur dioxide and 
cyanide gas as fumigants were set forth in Public Health Eeport of 
December 3, 1915, and need not here be rehearsed. 
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